Study design: Online questionnaire survey. Objective: To obtain the opinion of experts on whether the currently available classification systems for thoracolumbar and subaxial cervical spine injuries meet their expectations with regard to the desired objectives of a good classification system and practical implementability. Methods: An online survey was conducted during August-September 2013 using a specially designed questionnaire. Members of Spine Trauma Study Group of International Spinal Cord Society and other spinal injury experts were approached, and responses were analyzed. Results: Forty-two spine experts responded. Majority (87.50%, n = 35) were involved with education and research. For subaxial cervical spine injuries, Allen Ferguson classification was more commonly used (37.50%, n = 15) and thought to be practically implementable in day-to-day practice (30.77%). For thoracolumbar injuries, while Thoracolumbar Injury Classification and Severity Score (TLICS) was more commonly used (47.50%, n = 19), the response of experts for practical implementability in day-to-day practice was more evenly distributed among TLICS, AO (Association for Osteosynthesis) and Dennis classifications (30.77, 23.08 and 25.64%, respectively). Experts felt that the classification systems did not serve all the desired objectives. The reliability for residents was especially a concern. Conclusion: We may still be far from an ideal classification system. Many experts continue to prefer or would consider shifting back to traditional and simpler systems. There is a need for developing classification systems that would be better implementable practically in day-to-day clinical practice, better guide treatment, be more reliable, incorporate other modifiers influencing treatment and be more comprehensive in that order of priority.
INTRODUCTION
Classification systems are helpful to identify common attributes within a group to predict the behavior or outcome without sacrificing too much detail. The need of a classification system which is clinically relevant, reliable and accurate is well documented 1 as are the expectations from an ideal one. 2 Numerous classification systems based on various parameters such as fracture morphology, mechanism of injury, anatomical determinants of fracture stability and neurological status have been proposed to describe thoracolumbar and subaxial cervical spine injuries. 3, 4 Earlier classifications have been based on assumed mechanism of injury implied from plain radiographs, ignoring the contribution of ligaments to stability and failing to account for underlying neurologic injury. 5 Others have been cumbersome and difficult to apply, if not impractical. Each of them claims to be better than the previous ones. However, studies have pointed out some inherent limitations even in the most recent classification systems. 5 For subaxial cervical injuries, Holdsworth 6 proposed a classification, based on two-column concept of stability, emphasizing the importance of posterior ligamentous complex and the morphology of facet joint sustaining violence. But it was not done systematically, and it was therefore not possible to control and review his observations. Allen Ferguson (AF) classification was formulated based on a study of 165 acute spinal cord injury patients. The classification system was based on the belief that translation of kinetic energy into fractures and dislocations is determined by two independent variables: injury vector and the posture of the cervical spine at the time of accident. No measurement of reliability or validity were undertaken. 7 Harris et al. 8 introduced another mechanistic classification of subaxial cervical spine injuries based on biomechanical, cadaveric and pathological evidence of vector forces that act on cervical spine during injuries. No measurement of reliability or validity were undertaken. The classification also does not guide treatment and does not predict outcome. The Cervical Spine Injury Severity Score (CSISS) as presented by Moore et al. allows the classification of injury by radiological findings and fracture stability. It does not include neurological function in the classification but guides treatment. 9, 10 The Subaxial Cervical spine Injury Classification and Severity Score (SLIC) system, presented by Vaccaro et al., 11 allows for a grading of severity both from a radiological and neurological perspective. It can guide treatment based on the SLIC score. However, the system fares worse than the AF and Harris system with regard to reliability. 11, 12 Among various existing classification systems for thoracolumbar spine injuries, only few have been assessed for reliability, reproducibility or clinical validity. 13 The three-column-model-based Denis classification is among the commonly used, is easily reproducible and has good acceptance in many centers because of its simplicity. 14 However, it does not account for all fracture types or the neurological status of the patient and lacks predictive value to aid treatment decisions. 3 The AO-Magerl classification was more inclusive by identifying a wide array of fractures, including 450 subtypes using the 3-3-3 AO principle leading to its complexity, limiting its incorporation into routine clinical practice. 3, 15 In addition, it also does not account for neurological status, a critical determinant for surgical decision making. 3 In 2005 Spine Trauma Study Group (STSG) introduced the Thoracolumbar Injury Severity Score (TLISS), which was based on three major injury characteristics: the mechanism of injury, the integrity of the posterior ligamentous complex, and the patient's neurological status. 16 Although as a whole it had an excellent construct validity, interobserver agreement for injury mechanism was only fair (kappa = 0.33). [17] [18] [19] This led to introduction of the Thoracolumbar Injury Classification and Severity Score (TLICS) in which fracture mechanism was replaced by description of morphological injury. 20 Others have pointed out some inherent limitations even in the recent TLICS classification system. 3, 21 With the advancement in imaging technologies and newer classification systems, do we have acceptable and reliable classification systems for thoracolumbar and subaxial cervical spine injuries? With this query in mind, we conducted a questionnaire survey to take the opinion of experts on whether the currently available classification systems for thoracolumbar and subaxial cervical spine injuries meet their expectations and are practically implementable within their set up.
MATERIALS AND METHODS
An online survey was conducted during August-September 2013 using a specially designed questionnaire. Surveymonkey is an online survey site that simplifies the survey process significantly. In the survey design phase, surveymonkey offers 17 formats for asking questions (multiple choice, true false, open-ended and so on). Surveymonkey has the ability to track respondents so that non-respondents can be recontacted and those who have already anticipated are not pestered. Surveymonkey can generate frequencies for each question and allows export of data into statistical software programs for more complex analysis. There were 20 questions in the whole questionnaire. All questions were multiple choices, close ended (except the question asking the name of respondents) and there was no space to add comments. For all the 15 questions, experts could select one answer, whereas for 4 questions there were multiple options. It was not mandatory for experts to respond to all questions, and they could finish the questionnaire without completing all the answers. The first part of the questionnaire dealt with the clinical practice of the experts, enquiring on the percentage of spine and spine trauma patients in their practice and whether they were involved in education and research. The next part of the questionnaire had questions pertaining to the classification system being used by experts, the desired objectives of a good classification system and those served by the ones being used by the experts, the additional information desired by experts from an ideal classification system as well as ease of use of the classification systems by students/fellows. The questions of the questionnaire have been enlisted in Table 1 . A pilot testing was done on three experts to check the clarity of questions, time required to complete the questionnaire and the relevance of all questions. All 28 experts of STSG of International Spinal Cord Society (ISCoS) and 42 other experts known to be actively involved in spinal injury management were approached through an e-mail for participation in this study. Non-respondents were tracked through surveymonkey and re-contacted. The responses were analyzed from 23 September to 16 December 2013, and only descriptive data are reported. Preplanned comparisons on the choice of classification systems were done using the Fisher Exact Probability test made between respondents who had exclusive spine-related clinical practice versus who do not; who treat either low (0-25%), moderate (26-50%), high (51-75%) or very high (76-100%) number of spine fracture cases and who are involved in academics/research versus who do not. Choices were also compared across exclusive/substantial/occasional spine centers. Which of the desired objectives are being served by the classification system that you use for thoracolumbar spine? 9
Which of the desired objectives are being served by the classification system that you use for cervical spine? 10
What percentage of thoracic, thoracolumbar and lumbar spine trauma cases being managed at your department are the junior residents or postgraduate students able to classify as per the classification system being used in your department? 11
What percentage of cervical spine trauma cases being managed at your department are the junior residents or postgraduate students able to classify as per the classification system being used in your department?
12
What percentage of thoracic, thoracolumbar and lumbar spine trauma cases being managed in your department are the spine fellows or registrars able to classify as per the classification system being used in your department? 13 What percentage of cervical spine trauma cases being managed in your department are the spine fellows or registrars able to classify as per the classification system being used in your department?
14
What percentage of thoracic, thoracolumbar and lumbar spine trauma cases that come to your facility are routinely classified as per the classification system that you use? 15 What percentage of cervical spine trauma cases that come to your facility are routinely classified as per the classification system that you use? 16 What additional information do you desire from the classification system being used by you ? 17 For what percentage of thoracic, thoracolumbar & lumbar spine fracture cases coming to your facility does the classification system being used by you, guide you for its management
RESULTS
The pilot testing done on three experts established clarity and relevance of all questions. Mean time required to complete the questionnaire was 14 min. Out of the 70 experts who were approached to fill the questionnaire of the online survey, only 42 responded (16 experts were members of STSG of ISCoS, whereas 26 were other spine surgeons) despite reminder to non-respondents. Their clinical practice comprised of exclusively spine patients in 45.23% (n = 19), substantially spine patients in 38.1% (n = 16) and often spine patients in 12% (n = 5). Those whose practice comprised of occasionally spine patients (4.8%, n = 2) were excluded from the study. Of all the spine cases being dealt by their department in a year, approximate percentage of spine fracture cases were in range of 0-25% for 50% (n = 20) experts, 26-50% for 32.50% (n = 13) experts, 51-75% for 12.50% (n = 5) experts and 76-100% for 5% (n = 2) experts. Apart from their routine clinical practice, about 87.50% (n = 35) experts were also involved with education and research. The details of the classification system used by the experts in their department for thoracolumbar and subaxial cervical spine injuries are given in Table 2 . There were statistically no difference on the choice of thoracic or thoracolumbar or lumbar classification systems or cervical classification systems across exclusivity of clinical practice (P = 0.83 and P = 0.13, respectively), relative percentages of spine fracture cases treated (P = 0.29 and P = 0.34, respectively) or involvement in academics/research (P = 0.82 and P = 0.53, respectively). The experts' perspective of desired objectives of a good classification system and those served by the classification system being used by the experts are given in Table 3 and Tables 4A and B , respectively. The opinion of experts with regard to ability of junior residents/postgraduate students and fellow/registrar to classify subaxial cervical and thoracolumbar spine injuries as per the classification system being used in their department is given in Table 5 . The views of experts on classification system practically implementable in day-to-day practice and additional information desired by the experts from a classification system over and above that being provided by the one that they use are summarized in Tables 6 and 7 , respectively.
DISCUSSION
Many of the experts who responded to the online questionnaire survey were members of STSG of ISCoS, and majority (87.50%, n = 35) were involved with education and research also. Most of them had practice exclusively (45.23%, n = 19) or substantially (38.09%, n = 16) in spine. Thus they were the appropriate experts to provide information for which study was designed. A good classification system should be straightforward, easy to use for all concerned and practically implementable in day-to-day practice. In addition, it should be replicable, that is, having a good interobserver and intraobserver reliability. 1 The desired objectives of a good spinal injury classification system have been well described in the literature. 2 The experts were of the opinion that classification systems being used by them did not serve all the desired objectives. Vast majority of experts felt that these classification systems could not predict natural history (87.50% and 82.50%) or provide tool for future studies (75% and 80%) for thoracolumbar and subaxial cervical spine injuries, respectively. Almost more than half felt that these systems did not take into consideration patterns of neurological injury and grade its severity (57.50% and 62.50%) or appropriately guide choice of treatment (47.50% and 52.50%) for thoracolumbar and subaxial cervical spine injuries, respectively. A further analysis revealed that none of the classification systems could meet the desired objectives appropriately. Thus there is a need for classification system that would better meet these objectives. The available literature also mentions similar observations. 1 Even though Denis classification for thoracolumbar spine injuries has good acceptance and is easily reproduced because of its simplicity, it is not detailed enough to account for all fracture types. In addition, it neither provides prognostic information nor accounts for the neurological status of the patient and, therefore, does not adequately guide surgical decision making. 22 The original concept of instability has been oversimplified to state that it exists if two of three columns are disrupted, thus requiring operative stabilization in these cases. Several studies have, however, shown that non-operative treatment of two-column injuries may achieve a satisfactory outcome. 23, 24 AO thoracolumbar injury classification system identifies a wide array of fractures, including 450 subtypes. However, its complexity has yielded low interobserver and intraobserver agreement. [25] [26] [27] In addition, the AO system does not account for the patient's neurological status, a critical determinant of surgical decision making. 22 TLICS, the most recent classification system for thoracolumbar spine injuries, also has its limitations. Most of the investigations with regard to it have been performed by individuals who were involved with its development, and majority of the published data is based on retrospective studies. Prospective application, with a direct comparison with other classification systems, is needed to clarify the relative and absolute efficacy of the TLICS. There are certain injury patterns that may be difficult to classify and score. 3, 28 The reproducibility and feasibility of evaluating posterior ligamentous complex integrity using magnetic resonance imaging has also been questioned. 29 Similarly for lower cervical spine injuries also the literature suggests that in the absence of an ideal system we persist in using generally accepted injury description, and this needs further refinement. 30 Traditional classification of subaxial cervical spine injuries, including the AF system, remains primarily descriptive. Even for the most recent classification system, that is, SLIC, the experts behind the system agree to its limitations. Better definitions of discoligamentous complex status through further research will be expected to improve the reliability of this system. There is also significant disagreement in fracture morphology. This may be due to difficulties in converting from non-uniform, descriptive systems to the current SLIC system. 31 When it comes to ease of use by all concerned, most experts (64% and 78.4%) in the study felt that o85% of junior residents or postgraduate students are able to classify as per the thoracolumbar and subaxial cervical spine classification system being followed by the department, respectively. When it came to spine fellows and registrars, many experts (28.57% and 30.58%) felt that o85% were able to classify as per the thoracolumbar and subaxial cervical spine classification system being followed by the department, respectively. Considering that the vast majority of the experts were from departments exclusively or substantially dealing with spinal ailments and were involved in education and research as well, using the currently available classification systems would be more challenging for residents in non-teaching facilities, which together cater to a probably much larger percentage of patients.
The literature also depicts a similar scenario on comparing the reliability of three thoracolumbar injury classification systems (Denis, AO and TLISS). The study by Lenarz et al. 32 was on the objective to compare and evaluate the reliability of the Denis, AO and TLISS classification systems. They concluded that the highest reliability was for the attending and senior resident group (kappa = 0.71, 0.79, 0.70) and the lowest for the junior resident and non-spine-attending surgeon group (kappa = 0.52, 0.52, 0.45).
Bevevino's study 33 examined the reliability of TLICS among orthopedic surgeons at different levels of training. The use of TLICS demonstrated moderate-to-excellent intraobserver and interobserver reliability among all training levels. Senior residents and staff demonstrated improved intraclass correlation coefficients in higher training levels; however, interns and junior residents were able to reliably classify spinal trauma injuries. This suggests that the TLICS scheme is a reliable way to successfully communicate thoracolumbar injury information.
Considering the fact that, in day-to-day practice, one of the most common uses of the classification systems may be for the junior residents/fellows to communicate to the consultant the type of injury a patient reporting in an emergency has, there is a need for a system that can also be easily and reliably used by the residents.
The experts also felt that the classification system being used by them should be more practically implementable in day-to-day practice. TLICS was being used by 47.5% of experts as against AO by 25% and Denis by 20%. However, when asked as to which classification system is practically implementable in their day-to-day practice, the response of the experts was more evenly divided among TLICS, AO and Denis classification (31, 23 and 37.5%, respectively). For the cervical spine classification system, the experts generally used the AF and SLIC (37.50% and 35%, respectively). When asked as to which system was practically implementable to their day-to-day practice, AF and SLIC were the choice of 31% and 26%, respectively. Interestingly, 15.4% and 31% of the experts responded that none of the thoracolumbar or subaxial cervical spine classification systems, respectively, was practically implementable in day-to-day practice. Many experts, meanwhile, continue to prefer or are considering shifting back to traditional and simpler systems, which may be more practically implementable. This rethink has suggested that on further introspection the traditional systems may be more useful than they may have been thought to be. Nakashima et al. 34 in a recent study observed that there is a statistically significant correlation (P-value o0.01)) between AF's patterns and the neurological outcome and recovery rate. As the stage advanced, the neurological status on admission and final follow-up tended to be more severe. They concluded that AF's classification is also a useful system to plan a treatment strategy. 34 As the experts were of the opinion that classification systems being used by them did not serve all the desired objectives and should be more practically implementable in day-to-day practice, as there was no consensus on the best classification system available as was evident from the different systems they were using and as the reliability of use by the residents has been a concern and that among experts has also not been as would be desirable, there is a need for better classification systems.
As per 71% of the experts, the most desirable feature of any such new classification system over and above the one that they were using was that it should be implementable practically during day-to-day clinical practice. This may be the reason why many experts continue to prefer or are considering shifting back to traditional and simpler systems, which are probably more practically implementable. Thus the option of suitably modifying traditional classification systems to develop a newer classification system could be explored.
The other almost equally desirable feature of a new classification system as per 68% of the experts was that it should better guide treatment. Other important features to be kept in mind while developing a new classification system would be better reliability (47%), incorporation of other modifiers influencing treatment (45%) and better comprehensiveness (34%).
The involvement of experts from across the globe representing developed as well as emerging nations was the strength of the study. Though 55% of experts did not practice spine exclusively, this may represent the emerging nation scenario. An AOSpine Thoracolumbar Spine Injury Classification System was introduced in November 2013 35 after the survey had been conducted, and hence the opinion of the experts on this classification system could not be taken.
One of the limitation of the study was that the choice of responses to the question 'What additional information do you desire from the classification system being used by you?' could have been made more specific, such as outlining how the classification system could have been made more comprehensive and outlining the modifiers which when incorporated would influence the treatment plan.
CONCLUSION
Our study revealed that even though newer classification systems have come out which supposedly have improvement over the previous ones, we may still be far from the ideal one. The classification systems need to better meet the objectives as expected from an ideal system, be more reliable and repeatable (especially for residents), as well as easy to use and be practically implementable in day-to-day practice. Meanwhile, experts continue to prefer or would consider shifting back to traditional and simpler ones. There is a need for developing classification systems that would be better implementable practically in day-to-day clinical practice, better guide treatment, be more reliable, incorporate other modifiers influencing treatment and be more comprehensive in that order of priority.
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